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I NTRODUCTIOLN

At the request of the Bureau of Aeronautics, tests

were made of the %—scale model of the Curtiss XBTC-2

airplane in the LMAL T« by 1l0-foot tunnel. The results
of a preliminary investigation of longitudinal stability
and oontrol are given in part I (reference 1).

When 1atera1-stab111tgiteats of the original model
wore made, 1t was found: rst, thet a rudder=-force
reversal was evident; and, second, that a large reduc-
tion in effective dlhedreal was shown when flaps were
lowered and take-off power apnlied. In an attempt to
remove the rudder-force reversal, various dorsal fins
and a modifled vertical tall were tested. In an attempt
to reduce the change in effective dlhedral with flap
deflection and power, the following modifications were
tested: the outboard flaps skewed from their original
position (effectively swept back), wing tips which could
be made to turn up when the flaps were lowered, and three
modifications to the wing plan form.

The present report also includes some estimates of
flylng quallties which were computed from the data herein.

A new model 1s to be bullt and tested which will
Incorporate modificetlions as Judged best from the preserkt
tests, . T - : )




MODEL -

. The original model was supplisd by the Columbus

divislon of the Curtiss-Wright Corporatlion. It was
equipped with a six-blade, Qual~rotating propeller which
was not to scale, 1lts dlameter being 1.813 feet as com-
pared to the scale value of 1.771 fset. The model was
not checked for accuracy but was found to be falred and
finished in a satisfactory manner. The original model 1is
shown in figure 1. Cowl flaps were made at LMAL &s shown
on figure 2. Some detells of the elleron are shown in
figure 3. The various modificatlons were constructed by
the Navy, the Curtiss-Wright Corporation, or the LMAL.
They are as follows:

Modiflcatlons _ Flgure No.
Swept~back outer wing panel in
Rectangular outer wing panel 5
Rectanguler wing 6
Upturnod wing tips 7
Skewed flap positions 8
Canopy opening 9 .
Dorsal fins 10
Rovised vertical tall 11

For all wings tested, the dihedral of the center
panel was 0° and of the outer psanel 10°, measured at .
the leading edge of the chord lins.

-+ The swept-back outer wing panel was formed by
pilvoting the orlginal outer wlng panel about a line so
that the total wlng area and incildence remalned about
constant. The wing sectlons of .the outer panels were
thus st an angle to the alr stream for this condition.

The rectangular outboard wing rpanel ls rectangular
from the bresk outward giving e larger total areas The
rectangular wing was formed by the rectengular outer.
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panel of figure 5 end a rectangular center section (fig-
ure 6).. The rectangulaer wing has approximately the-.ssame -
area as the orlginel wing. . ' .o

The upturned wing tips replaced the origlnal wing
tips. The wing area and aspect. ratio were lncreased;
the modifilcdtion was made 1n thls manner to avold cutting.
the alleron. )

The sweep or skew of the outboard flap was changed .
by pivoting sbout the outboard fitting (fig. 8). Since
the original flgp fittings were ussad, the gap between
the. f1gp and the wing and the flap .angles changed when
the flap was skewed. The gaps obtained with the original
rfittings were qulte large for the .skewed positions, and
i1t was felt that the 1ift would be reduced. Consequently,
the gep was made smaller and most of the tests were run
with the small gap.

The cenopy opening, although not qulte 1Ike that of
the alrplane, 1s believed to simulate- the alrplane
serodynamiceally.

The revised vertical tall had the same plan form
and sectlon as the originsal vertical tall. The rudder
hinge line was moved back P.86 inch on the model and the
overhanging balance reduced to a minimum.

The power plant consisted of an induction motor,
a dual-rotation gearbox, end the dual-rotating propeller.

TEST AND RESULTS

Test condltions.- The tests were made in the LMAL
T7- by 10=~foot tunnel at dynamlc pressures of 9.21 pounds
per square foot for power-on tests 1n the landlng con-
figuration and 16.37 pounds per square foot for all other
"tests, corresponding to alrspeeds of about 60 and 80 miles
per hour. The test Reynolds numbers were about 560,000
-and zhﬁ,ooo based on the wing mesn aerodynamic chord of
12.26 inchea. Becesuse of the turbulence factor of 1.6
for the tunnel, effective Reynolds numbers were about
896,000 end 1,192,000.




Coefficlents and symbols.- The results of the tests
are presented in standard NACA coefficilents of forces and
moments. Rolllng-, yawlng-, snd pitching-moment coeffi=-
clents are glven sbout the center—of-gravity location
shown in figure 1 (22 percent of the mean aserodynamic
chord of the original wing). The data are referred to a
system of axes in which the Z axis ls in the plane of
symmetry and perpendicular to the relative wing, the
X axis 1s 1in the plane of symmetry snd perpendicular to
the Z axis, and the Y exis 1s perpendicular to the pla.ne

of symetry (fig. 12).

The coefficients and symbols are defined as follows:
C;, 1lift coefficient (Z/qS)
Cpg resultant-drag coefficlent (x/q8)
Cy laeteral-force coefficlent (Y/qS) '

C3 rolling-moment coef'ficient (I/qSb)
oC

damping in roll
p ping 3 (pb/2V)

Crn pitching-moment coefficient (M/qSc)

Cn yawing-moment coefficlent (N/qSb)

Ch, - hinge-moment coefficlent (H/que)

To! effective thrust coefficilent (T/qS)

V/nD propeller advance-dlameter ratio

where the quantities ere defined bolow and in figure 12

X
Y} forces along axes

L .
M} n;oments about axes

H hinge moment of & control surface
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~ effectlive thrust

dynemic pressure (Epvé)

_ wing area (6.3l square feet -on model except for

original center panel with rectangular outer

panels which is 7,26 square feet and for the
inal wing with upturned wing tip which is

6. squere feet. The coefficlients for the up=-

turned wing-tlp modification, however, are based
6.3l square feet.) .

wlng mean aerodynamic chord (12.26 inches on model.

This value of ¢ 18 used as a basls for Cp

for all wings even though original center panel
with rectsnguler outer panecl has .larger actual
mean serodynamic chord.)

root mean square chord of = control surface bsck of
hinge line

wing spen (6.25 feet on model. This value of b 1is
used as a basis for O, -and C; for all wings
even though origlngl wing with upturned wing tips
hss a span of 6.5 feet.)

wlth subscripts, spen of control surface

elr velocity

propeller dismeter (1.813 feet on model)

revolutions per second

time, seconds

masa denslty of air

angle of attack of thrust line, degrees

angle of yaw, degrees ' _

engle of sideslip, degfees, B.;-—W_ in this report

angle of roll, degrees, messured from horizontsl;
positive when right wing 1s low
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yawing veloeity,'degrees per second; positlive when
the nose is moving to the right .

rolling veloclty 2@/d0t, raclens per second (except
as noted); posltive when the sirplane 1s rotating
clockwlse when vlewed from the rear

angle of wing incidence witﬁ respect to thrust lilne,
degrees; positive when the tralling edge -1s down

angle of stablllizer with respect to thrust line,
degrees; posltive when treiling edge 1s down

control-surfiace deflectlon, cogrees
front-propeller-blade engle at 0.75 radlus
rear-propeller~-blade angle gt 0.75 radius

Fe effective dihedral angle, degrses Czw divided
by 0.0002, a good epproximstion but not strictly
eccurate for all plan forms :

Subscripts: .

a alleron (a,, a; right and left alleron)

e elsvator

r rudder

flep

v denotes partlal derivetives of & coefficlent with
respect to angle of yaw (éxample: bCz )

1 Inboard

o] outboard

Corrections.- All data have been corrected for tares

caused by the model support strut. Jet-boundary correc-
tions have been applied to the angles of attack, the drag
coefficlents, and the tall-on pltching-moment coeffi-
clents. The corrections were computed as follows:




._A_lc_z__= '?'7.36" % Cy, (degrees)

.8 2
ACp = By 7 Cy,

A0y -5.7..5<'—_-9b - ow) S 00y

W%/ ¢ 31 ‘L
where ' -

8y Jet=boundary correction_factbr at.thp wing
6y totel Jet-ﬁoundary correction at the tall
S “model wing area (6.3l sq ft).

C tunnel cross-seectionel area (69.59 sq ft)

Qﬁn, chenge 1n pitchinf-moment coefficient per degree
.01 . " "chengs 1n stebilizer setting as determined in
’ tests

qvq_:ratio of effective dynemic pressure over the hori-
. zontal tell to free-stream dynamic pressure

All Jet-boundary correétions wore added to the test
data, L )

Test. procedure.~ Propeller calibrations were made
by measuring the resultant drag of the. clean model at 0°
angle of attack for a series of propeller speads, . Thrust
coefficlents were determined from the. reletlon

Te' = 0p - cDR

where Cp 1s the drag coefficient of .the modpl With
propeller resmoved, and’ CDR 1s the resultant drag coef-
ficient with propeller operatling. _The_results_pf the

calibration are presented in figure 13. ‘-

The thrust coefficilent avalleble at any 1ift coeffi-
clent 1s given on figure 1. 'Thess data were supplied by
the Curtlss-Wright Corporatlon. Since constent power 1s




simulated, only one point on the curve will be for level
flight for a given model configuration. Lower values

of T,* will be for the eirplane descending and higher
values wlll be for the sirplane climbing. With the
original center sectlon and rectanguler outer panels,
the wing area was increased end the coefficlents were
based on the actual wing area. Since the relation
between T,' and C; depends on the wing area and wing

loadlng, certein assumptions about alrplane welght had

to be made. One possibllity 1s to assume that the wing
loading remained constent with the corresponding lncrease
in alrplene gross weight. Another possibllity 1s thet
the airplane welight would remailn consteant with the corre=-
sponding reduction 1in wing loading. The case of constant
eirplane welght 18 called “power A" while the case of
constent ailrplane wing loading is called “power B." The
englne power 1s identicel for.the two cases.

Most of the results of this report are presented
in two types of plots: first, the aserodynamic coeffi-
clents are plotted agalnst yaw, end second, the lateral-
stebllity derivatives ere plotted agalinst lift coefflclent.
Power-on yaw tests were made at a constant angle of attack
and propeller speed. Since 1lift coefflclent vaerles with
yaw, the verletion of T,' versus Cjp given on fig-

ure 1l 1s strictly followed only et zero yew. Lateral-
stabllity derlvsetives were obtained from pltch tests at
~5° and 5° yaw by assuming a stralght-line variation
between those polints. Propeller speed for these tests
was varied to follow T,' versus C; given on figure 1l

in the ssme manner as for the pltch testa st zero yaw
glven in reference 1. The large-symbol polnts on the
plots of lateral-stablility derivatives were obtalned by
measuring slopes from the ysw tests, The large-symbol
points are consldered more sccurate than the smsll-symbol
points at the speclfic 1ift coefficlent.

In the text and on the figures, the model configu-
retion is given es "crulsing" or "landing." These condi-
tlons except 83 noted are describsd as follows:

(a) Cruising configuration:

All flaps retracted
Landing geeaer retracted
Cowl fleps closed -
Slats retrected



'(a) cruising configuration (continued) _
- - o
Propeller blade angles ﬁF 502 ’ BR = 29%
for the original wing, and ﬁF 10’

fr = 22- for all other wing plan forms.

(This chanfe in blade sngle was found to
heve a negligible effect, reference 1l.)

(b) Landing configuration:
Inboard flsps, B¢, =.50°
Outboard flaps, 8¢ £, = 5o® ¢

-Landing gear extendbd

Cowl fleps, 25°

Outboard slat extended (the 13-inch portion
shown on fig. 1) 19

Propeller blade angles ﬁF 23%, pR 22

Whén not stated, the wing used will be the original wing.
Sinde the original and revised vertical tail have ldentlical
plan form8 and sectlons, the vertical tell is not always -
stated. When not glven, the original dorsal fin wes.used.
Stebllizer settings are glven in tle following table: '

’

Crulsing Landing

Wing configuration |configuration
(deg) (deg)
-Original ! 1.0 1.0.
Swept-back -2.9 -2.0 . -
Rectangular outer
panels =l.2 . -1.7
Rectangular -3.2 -2.%

No attempt was made t6 ‘have the same stabilizer
setting because stabilizer settings were set for the
1ongitudinal -stabllity tedts. The differences in sta-
billzer setting 1s not belleved to affect the lateral-
steb1lity charecteristics, because‘ef ‘the system of axes
used in presenting the data. o -
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Computation of aileron and rudder control forces.-
Alleron conftrol f‘rces wWere computea'from the following
formulas-

1h2-l'r(0haL- Cng_ )

Cy,
which 1s based on the followlng 1n;ormation supplied by
the Curtlss-Wright Corporetion:

F

a =

Wing loading, W/S = 39.L gounds per square foot
Total elleron movement

Total stick movement,

Stilck length, 29 inches to center of hand grip

The wing~tip hellx angle was computed as follows:

Eb- = 0.8 .g.L
2V Cz,p

where p 1s the rolling vslocity in radlans per second;
Cy.. - 1s the demping in roll (0.}408) obtalned from refer-

ence 2. The factor of 0.8 1s sn srbitrsry value which
-approximates the reductlion in rolling veloclty due pri-
merlly to adverse yasw et low speecs end wing twlst at
high speeds determined from & number of flight tests of
conventional airplenes. For the tests a wlre 0.007 inch
in diemeter was fixed st 10 percent of the wing chord

on the upper surfece 1ln an attempt to simulste full-scale
trensition conditions more closely.

Rudder-pedal forces were computed from the followling

formula:
=.K ..&
Cy,

L4

where X = 232l for the originel tall and K = 1193
for the revised tell which is based on the following
informstion supplied by the Curtisa-Kright Corporetion:

Wing losding, W/3 = 39. 2 gounds per squere foot
Total rudder movement, 60
Total pedel movement, 30.6L°
Radius of pedel about centsr of rotation,
12 inches
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. A refinement was made in the calculatlions for the
revised vertical tall by including a correction for strain-
gage deflectlon. Callbration of this deflectlon gave a
Ab - .
value of —% = -7.32 for the windmilling condition

AS
(ad = 16.37) and a —L = =}j,12 for the teke-off power.

condition (q = 9.21). The résult was subtracted from

the nomlnal rudder angle to get the corrected rudder
angle., The meximum correction was about 3°. This cor-
rection has been made to plots of &, against V¥ or GCj
but not to the date giving C,. against ¥ becsuse the
correctlion would vsry with V¥ for the latter case. The
strain gage for the aileron end original tseil was much
more rigld so that deflection was negligible.

DISCUSSION

Effect of wing plen form and power. (&) Smsell
engles of yaw.- Flgure 15 compares CYW’ an, and CLW

of varlous wilng plan forms for the range of power and
flep conditions. The verlation of an and CYW 1s
much greater wlth flight conditlions then with wing plan
form. an varles from a meximum of ebout -0.0040 far

the landing configuration with teke-off power to & minl-
mum of ~0.0005 for the crulsing conflguratlion wilth pro-
peller windmilling. Cy varies from about 0.040 for

the landing conflguratlon wlith teke-off power to about
0.008 for the crulsing configuration with propeller
windmilling. Czw verles conslderably with both plan

form snd power. The ver%ation 13 1tlustrated in table I.
Effectlve dihedrel 1s 82 to 11% (61, = 0.0002 1

equivelent to 1° effective dihedral)-in the crulsing or
dive condltion, These values may ts too large for )
desirable- flying qualities. The original wing loses
effective dihedral with Ilncrease 1in 1lift coefflclent

end flap deflection whereas the other wing plan forms
galn 1n effective dihedral. All the wings lose effective
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dihedral when power -1s applied. Since the effective
dlhedral in any glven flight condltion may be changed by
changing the geometric dihedrsal, the relative merit of
the various plan forms can probably best be judged by

the bottom line of the teble. Thils line glves the change
in effective dihedrel from the dive or crulsing condi-
tion to the most adverae condlition, landing configuration
with a tske~off power et a high Cp« A small or zero

change in effective dihedral 1s desirable. The least

o
chenge occurs with the rectangular wing,-é%-, and the

greatest change occurs with the original wing, ,21%9,

with the swept~back and rectangular outer panels lying
in between -9%9, -10°, The effective dlhedral of the

model with the swept-back outer penels decreases sharply
near maximum 1ift (fig. 15(a)). This fact indicates
that the leadlng wing tip is probebly stalllng flrst.
There 1s & lerge varletion in stalling characteristlcs
of the different wing plan forms, but this subject has
been discussed 1in reference 1.

The increment ln the lateral-staebllity derivatives
caused by power have been isolated on figure 16 by sub-
tracting the windmilling values of flgures 15(a) and
15(c) from the power-on velues of flgures 15(b) and 15(d).
The subtraction for figure 16(a) was performed with
values teken st the seme sngle of attack while the sub-~
traction for figure 16(b) was performed with values taken
et the same 1ift coefflclent, Sincs the results on
figure 16 represent fairly small differences of large
values, most of the scatter between various wing plan
forms may be consldered to be experimentel error.

The increase in CYW with power can be primarily

explalned as follows: A yawed propeller produces a con=-
sldersble slde force. The magnitude of thls side force
increases markedly with T,', and hence with C(; for

the power-on condltion. The lateral force produced by
the vertical tall Incresses with T,'! because of the

grester dynamic pressure ratio in the slipstream as T,!

is increased. The lateral force cf the fuselage probably
also inecreases with T,' as a result of being in the

slipstreem. Opposed to the increase 1n GYW with T.!
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is the fact thet slidewash resulting from propeller opera-
tion decreases the angle of attack of the verticel tell
and fuselage. , ) :

Directlonal stabllity also lncreases with Cp when

power 1s on. Thils fact lndlcates that the lncreased
vertical-tall load due to the sllipstreem times its momant
arm ebout the center of gravlity produces the largest
yawing moments. The 1lncrease of the propelier side force
times 1ts moment arm and the change 1ln fuselage moment
are the leasser effects.. .

The varletlon in Chy with plen form and flap

deflection 18 1llustrated in reference 3. The reason for
the loss in effectlive dihedrel wilth increase in T,' can
be primerlly explained as follows: When an elrplane 1s
yawed, the-slipstream tends to follow the relative wind
lying somewhere between the longltudinel axls and the
wind axis. The treiling side of the wling recelves more
slipstream then the leadlng side, thus csusing a greater
incresse 1n 1lift on the tralling side than on the leadlng
side. Thils effect 1s desteblllzing since 1t 1s opposite
to the rolling moment produced by positive dlhedrasl.

The lncrease 1n Cy, due to the propeller force and

the slipstream over the wing 1s shown in figure 16(a).
The valus of ACRV on figure 16 veries condldersbly

with change of wing. Slnce the rectengular wing has the
least area in the sllpstreem, reduction 1ln effective
dihedrael due to power may be expected to be smallest for
thls case which is borne out to a large extent by the
results. As gll the other wings had the same center
sectlon, the difference shown between them 1s largely
unexplalned. Some of the dlfference may be ettributed
to the difference in spen-load dlstribution across the
center section wlth the varlous outboard panels.

(b) Large hngles of yew.- In additlon to giving
slopes -shown by arge symbola in previous filgures,
figures 17 and 18 show the effect of large angles ‘af yaw
on the serodynamlic cheraclteristics. .Characteristics of
the model in yaw with tall off are shown in -figure 19
and 20. Where the power eoffect is smell (the wind-
milling condition and the low lift-coefficlent condition
with taeke-off power) CYW- end cnw"W1th tall on continue
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to large angles of yaw with little ochange. CZW reduces

markedly et large angles of yaw. Since C; never reverses
sign at large sangles of yaw, the change in alope is
belleved to be of 1little lmportance. Displacement of

the Cp curves, one from another, 1s csused chlefly

by the different stabilizer settings and wing mean aero-
dynemle chord positions. CDR decreases with angle of

yew &8s g result of the system of .exis used. While ¢
along the axis used reduces with yew, CDR along the

wind exlis actually Ilncreases with yaw as would be expected.
Cr, does not change much with yaw. When the power effect

1s large (teke-off power at a high Cr) the seme trends
are shown except as follows: With tail on C decreases

consliderably with yaw in the crulsing configuration

(fig. 17(d)¥ and changes sharply for the landing confiligu-
ration, becoming quite highly positive beyond -20° of
yew (fig. 18(b)). This sharp change in an probably

occurs when the tall leaves the slipastream. With tall.
off end power on, an is highly positive (fig. 20(b))

but becomes highly negstive at small yaw engles when the
tall is added (fig. 18(b)) indiceting a large effect of
the tall when in the slipstreem. When the tall leaves
the slipstream, its effectiveness dscreases considerably
so that the high positive an of the tall-off curve
predomlineates.,

(Although believed to have only a small effect on
the results, the following lnformatlion is given for com-
pleteness. On figures 17 and 18 the original dorsal fin
was used with the origlinal wing end dorsal Dy was used
for &ll other plan forms. On figures 17, 18, 19, end 20
the leadingeedge slat was open to the fold line for the
original wing, but only the outboard portion (13 inches
on model) wes open for the other plan forms.)

REffect of upturned wing tips.~ The verlation of the
lateral-stablIIty derlvatives wgﬁh C 1s shown on fig-
ure 21, The dates (7-30-43 and 9-27-&3) are the dates
of testing. There ere only slight changes in Cy and
an with take-off power due to the upturned wing tips;

however, the upturned wing tips csuse a consldersably
less stable an with windmilling power. Although there
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is poor egreement between ¢ obtained from pitch tests

made at £5° yaw ‘and Few tests (1ndicated by the large
symbols), the increment in effective dlhedral cseused by
the upturned wing tips for propeller windmilling is about
2.6° effective dlhedral. For take-off power, however,
even the Iincrement 1s in poor agreement. The curves com-
pared on figure 21 were obtained from data taken asbout

2 months apart with several model changes being made in
the meantime; therefore, the data indicsated by the large
dlamond and square of the same date are conslidered much
more accurate. These polnts were oREained from figure 22
and indicate an increasse of about 32- in effectlve dihedral

due to upturned wing tips with take-off power.. It may be
concluded that, for the landing conflguration, the upturned

wing tlps ma o.be expected. to increase the effective dlhe-
dral about 25" for the windmilling condition (Cp, = 1.6)

and about 5%9 to 5° for the take-off power condlition
(GL ~207)¢ . '

Effect of outboard flap modification.- The effect
of skewing the outboard flap esnd removing the outboard
flap is shown in figures 23, 2l, end 25. As a convenlence
in testing, some of the tests were made with the tell and
some wlthout.

Table II has been prepered to correlate and swumarize
the effectlive dlhedral results. The values of Pe are
obtained from slopes measured from figures 23 and 2. The
values of I'y 'with the asterisk (#) were obteined by
adding or subtracting the contributlon of the tail which
was found by comparing figures 18 and 20 to be about 1°
of ' Ty Tor the windmilling condition and 4° of Ty for
the take~off power conditlons at the angles of attack
corresponding to the yew tests, Skewlng the flap from
the orlginal position of -1L.5° to 0.7° glves a consid-
erable ilmprovement in.effective dihedrael while further
skew to 11.3° gave no further improvement. Removing
the flap entirely gave the most improvement; however,
these modifications reduce C as reported 1ln refer-

) e . “max . .

ence l. Flgure 25 shows that skewing the outboard flap
reduces the verlation of effective dihedral with. Op
similar to effect of sweepling the outboerd wing panel
back as previously. discussed. Adding the tall to the
case of Afo = 0.7 with take-off power would raise the
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curve about }|° effective dihedral at the higher 1ift
coefficlents. Plgure 23 shows thet there is no meas~-
urable effect of changing the flap gap. Opening the

slats increased the effective dilhedral ebout 3.[° (fig. 24

end table II).

EBffect of canopy opening.~ Opening the canopy 1is
shown to have no meesurable effect on the varlation of
Cn with V¥ Dbetween %10° V¥ (fig. 26). The difference
in Cp at %15° 1s not believed to indlcate any dangerous
tendency.

Alleron control.- The results of the tests of the
left alleron aere shown ln figure 27. A transition wire
0.007 inch in dlameter was placed on the upper surfacse
of the wing at the l0-percent-chord station in an attempt
td duplicate full-scale transition condltions more .
closely. The varletlon of wing-tip helix angle pb/2V
with stick force was computed for figure 28(a) for both
allerons. The results are reduced by multiplying by 0.8
to approximate the reductlon in pb/2V due primarily
to adverse yaw and wing twist as previously mentioned.
To check the velldity of the 0.8 factor at s low speed
with flaps down where &adverse yaw 1s greatest, a theo=-
retical tlme history of the motion following an sbrupt
full ‘alleron deflection (115°) was computed using a
refinement of the step-by-step computation given 1ln
reference lj. The refinement was to use the slopes at
the angle of sideslip under conslderation instead of a
slngle value of slope measured at zoro sldeslip. The
results of the computation ars glven in figure 28(b).
The model with the swept-back outer wing penels was
chosen for the computation, because of the closer simu-
lation of the airplans. The speed chosen was 9l.l miles
per hour which 1ls 120 percent of the minimum speed.

The maximum pb/2V at sbout 1 second is 0.082. To
obtain 0,082, Gz/bzp would have to be multiplied by

0.86 instead of the usual factor of 0.8. The average
pb/2V for a 90° bank, where sideslip reaches a maximum,
is only 0.067. To obtain 0.067, C3/C;_ would have to

be multiplied by 0.70 instead of 0.8. 'As the speed
increases this factor for s 90° bank would increase -until
at high speed the factor would be reduced by wing twilst.

The Navy requirement F-8 and F~9 of reference .5
states 1in brief that a pb/2vV of 0,08 1s required at
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eny apeed betwsen 10 percent of stalling speed and
80 percent.of maximum speed with e control force not
exceeding 30 pounds. As shown, the aversage effective-
ness 1s too low at 140 percent of minimum speed, althou
the maximum rate of roll meets the requirement (fig. 28{)),
in the landing configuration end the control forece is too
high at 80 percent of maximum speed. - The silerons meet
ﬁhe requirement at the crulsing speed of 220 mlles per
ounr. ' . .

Rudder-free characteristics.~ Prelimlnery tests
showed that a reversal of yawlng moment would occur, and
hence a reversal of rudder force, for the crulsing con-
flguration with teke-off power at.s high a (fig. 29(a))
and for the landing configurstion wlth windmlilling or
teke-of f power (fi1gs..29(b)  and 29(c)). While the reversal
occurs earlier for the windmilling condition, it was more
severe for ths taks-off power condition. Most of the
dorsal flns were therefore tested 1n the landing configu-
ration with take-off power. The gddltlon of the dorsal
fins delays the reverssl of yswing moments about as fol=-.,
lows: origlnal dorsal, 3°; dorsal D;, 9°; dorsal D5, lh%-.

These values can be obtalned from figure 29(c) by the
proper addition and subtraction.

It was thought that a revised vertical tell of the
same plen form and area having a smsller chord rudder
might prove better beceause when the tall stalls & smsller
portion of the area would be deflected so that a greater
restoring moment in yaw would result. Becsuse of the
dual=-rotating propeller, the directlonal control supplied
by & smaller chord rudder should be sufficlent, For the
windmilling conditlon, the revilsed vertlcel tall alone
eliminated the reversal of yawing moments (fig. 29(b)).
For the landlng configuration wlth teke-off power, the
ravised vertlcal. kell delsys the. reversal of yawing .
moments about 5l ¥ beyond thaet for the original tail

when results wlth the ssme dorsal fin are compared
(flg. 29(c)). :

Rudder tests.- The test data of the originel tall
are shown 1n -Iigure %0 and the revised tall in figures 31,
32, end 33. Certaln flylng queaelities computed from these
figures are presented on figures 3L, 35, 36, end 37. The
rudder-free figure (fig. 29%5?) was also used to help
determine where rudder-force reversal occurred on the
original tall for figure 3%5. .
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The take-off power rudder calculatlons were made
for a Cp, = 1.7h4, although the take-off power rudder.
test date were taken at a Cy = 2.77 (fig. 33). T,' was
therefore higher for the test than it would be for the
fllght conditlions computed. The calculations were made
In thls manner so that a better comparison could be made
with the wlindmilling condlition at 1.2 times the power-
off minimum speed. For the take-off power results on
figures 35 and 37, an interpolatlon was made between the
windmilling condition (fig. 32) and the teke-off power
condltion given on figure 33 for the T,' difference.

In the crgising configuration, the revised tall
could hold 11% of sldeslip; however, at high speed this

value of sideslip would be reduced considerably becsause

of high pedal forces (fig. 3L4). In the lending conflgu-
ration, the revised tell can hold 10~ of sideslip for
windmilling power and 12° for take~off power at 9.l miles
per hour, which is about 1.2 times the minimum speed.

For & meximum pedel force of 180 pounds as specified in

)
reference 5, only 8% of sideslip could be held with

teke-off power. The originsl tall holds 24° of sideslip
or 2.l times the velue for the revlised tall; however, a
rudder~force reversal occurs at 16 sideslip which vio-
lates requirement E-3 of reference 5. The revised tall
could be improved by lncresslng th2 overhanging bslance.
The origlinel tell could be improved by lncreaslng the
dorsal-fin slze and posslbly reducing the deflection
range. .

Since there sre no asymmetric yawlng moments to trim-
with the dusal-roteting propeller, the most severe require-
ment for the rudder ls probebly for neutralizing the
adverse yaw of the allerons. Rudder control for spin
recovery may be the most severe rudder requirement.. Spln-
rocovery tests ere to b3 made 1n the NACA spln tunnel.

The maximum adverse yaw of the allerons was determined
by adding the test C, for the sllerons as glven on.
flgure 27 to the C, due to rolling computed from the
method glven in reference 6. These estimetes were placed
on figures 36 and 37. Either vertical tall can easily
neutrallze the slleron adverse yswlng moment.
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CONCLUSIONS

. The following conclusions may be drawn .as to the
lateral stebllity and control of the XBTC-Z airplane.'

1. Wing plan form had a pronounced effect oh the
variation of effective dihedral with 1ift coefficlent
and flap deflection. Wing plan form had.llttle effect
on directional stabllity or 1ateral fores. =~

2. The applicetion of powsr, perticularly ab high
11ft coefflclents, decreased the. effectlve dlhedral.
but increaeed the directional stability and latéral force.

" 3. With thé upturned wing tips for the windmilling
condition (Cp = 1 6), the effective dlhedrel wes

1ncreased about 22-,and with teke-off power (O, =2.7),
about 52 to 5°.

i For the lending configuratlon, - glving sweepback
to the outboard flap or removling the outboard flap reduced
the chenge in effective dlhédral with 1ift coefficient
but reduted the mseximum lift coef*icient aobtalinabls.

5, Alleron effectliveness was marginal for the
lendlng conflguration and alleron oontrol force was too
high at high- speed. )

6. The rudder-force reversal was improved consider-
ably by increasing the dorsal-fin size and slso by
reduclng the rudder chord while maintelning the same
vertical-tall area.

7T Alleron yawling moments, the only asymmetric
yawlng moments occurring in normal flight with a dual-
rotating propeller, were easlly neutrallzed by the
rudder.

8. Rudder control for spln recovery may be the most
severe rudder requlrement. It 1s recommended that the
narrow~-chord rudder be checked for spln recovery as well
as the larger rudder.

Langley Memorlal Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va., August 18, 1944
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TABLE I.- EFFECT OF WING PLAN FORM ON EFFECTIVE DIHEDRAL

Swept | Rectangular

Flight condition Origingl | back | outer panels | Rectangular
(deg) | (deg) (deg) (deg) -
{1 Crulsing configuration . 1
windmilling or power on, 8% 9= 10 11
: 2 2
] low Cp
2 | Landing conflguration 1
windmilling, high Cp I 12 1h§ 17
3 | Landing configurstion
teke-off power, high C; | =~13 0 0 5
1 1 1
).].- 3 -1 ~21l5 -95 -10 6%

NOTE: Table made from large symbols on figure 15.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE II.- EFFECT OF OUI'BOARD FLAP MODIFICATION

ON EFFECTIVE DIEEDRAL

[original plan form, landing configuration]

Pe Pe
Outboard flap Power Cy, a tall .| tall
condition (deg) on off
(deg) |(deg)
Ap = -14.5° Windmilling|1.67| 9.2 L4 38
© (original)
Ap =0.7° (both |----do-==-= 1.55| 9.2| 8.3%| 7.3
O gaps
A, = 11.3° —---do--=-~= 1.41] 9.1| 8.3%] 7.3
(o]
Flap up ~e=e=dO~===- 1.26 | 8.9 11.5%] 10,5
Ap = -14.5° Teke-off |2.85| 10.6 [-13  [-17%
© (original)
Afo = 0.7° (small | --=-do-==m- 2.57 | 10.4| -6% [-10
geaps
Flsp up ~===@0===== 2.20 ) 10.5{ -4.6 | -8.6%
Flap up (L.E. slot|----do-=-== 2,22 | 10.5} -8.0 |-12.0%
closed)

8gstimeted from average effects of tall on I'_.

NOTE:

e

For the crulsing conflguratlion with tall on at a
low Cg,

g = 8.5, power on or windmilling.

NATIONAL ADVISORY

COMMITTEE FOR AERONZUTICS




OUTLINE OF FIGURES ON %mSCALE MODEL OF XBTC-2 AIRPLANE

- e Fig. No.
A. Model

Original model (complete) . .
Cowl £laps .« . ¢« o « o o & o
Alleron detalls . . .

Outer wing panels swept back
Rectangular outer wing panels
Rectangular wing . . ¢ o
Wing with upturned tips . .
Wing with skewed flaps . .
Canopy opening . . . . «

O OO~ OWALT WO

Cke o © ¢ o ¢ a s a &
e o o o o 0 8 a9 o
De &« s« 5 o ¢ o 0 a &«
" o o 8 o s ® o s o
o ¢ 5 o = e s v 8 & »

.
.
*
.
L)

-

s

Dorsel fins . . . . . . . . 10
Original and revised vertica all . 11
B. System of axesa . . . ¢« ¢ ¢ ¢ ¢ o o ¢ o s . . 12

C. Power operstlon

Propellser callbraetlon . « « o o« o o « o o & l?
Tc ! VGI‘ SuS CL [ ) . ] (] [} [ ] [ ] 'y ] ] 3 L] . ] 1.'.

D. Effect of wing plan form

Lateral=-stabllity derivatives,
Clw ,. cr]"’, CY\II . (] [ ] ] ] [] . ) . . . 15
EBffect of power on C c C . e e e 16
by’ ny’ YW

Yaw tests:

Cruising conflguration, tell on . . . . 1l
Landlng configuretion, tell om . . . . . 1
Cruising configuration, tail off . . . . 19
Lending configuration, tall off . . . . 20

E. Effect of upturned wing tilps

Lateral-stabllity derlivatives . « + » . . & 21
Yaw te st L L] . L] L) L] L L L] L] [ [ ] L] L] L] L] L] 22

F. Effect of outboard flap modlficstions

Yaw tesat (skewed flaps) . .« o 2
Yaw test (flap snd slat modifications)
Effective dilhedral . . ¢ ¢ ¢ o o s o ¢ & & 25

I\




OUTLINE OF FIGURES -~ Contlinued

..... . Fig, No.
G. Effect of conopy opening inyaw « « « . « . . 26

H. Alleron control

Alleron deflectlon . ¢« « ¢ o o « o o o o o Zg
Alleron flying qualities . « ¢« ¢« « &+ o o & 2

I. Rudder control

* [ ] L] L] [ ] L] L] 29
S 30

Rudder free (yaw tests) . . .
Rudder deflection (yew tests):
Origingl verticel tell . .
Revlsed vertlcal taill:
Crulsing configuration wind:allling . 31
Lsnding conflguration windm . lling . . 32
Landing configuration tske-off power . 33
Rudder flying qualities
In sldeslip:
Crulsing configuration 3l
Lending configuration . + . « . . . . 35
Neutrelizing alleron Cpt

Crulsing configuration
Lending configuration . « « « ¢« ¢ « & 37

L)
L ]
L
L]
\N
o
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Figure 1(b).- The %——scale model of the XBTC-2 airplane in the LMAI 7- by 10-foot tunnel.
Landing configuration,
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Flgure 2 .- Side view of §-scale model of XBTC-Z awpbre Sf10wirg cowl 1Hp deta//s.
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Figure 5@-Leff wing panel of /8-scale madel of XBIC-Z airplane

showing rectangvlar outer panel -modificatian,



Figure 5(b).- The 1 scale model of the XBTC-2 airplane with rectangular outer wing panels.

8 Cruising configuration. Tail off.



MODEL -

. The original model was supplisd by the Columbus

divislon of the Curtiss-Wright Corporatlion. It was
equipped with a six-blade, Qual~rotating propeller which
was not to scale, 1lts dlameter being 1.813 feet as com-
pared to the scale value of 1.771 fset. The model was
not checked for accuracy but was found to be falred and
finished in a satisfactory manner. The original model 1is
shown in figure 1. Cowl flaps were made at LMAL &s shown
on figure 2. Some detells of the elleron are shown in
figure 3. The various modificatlons were constructed by
the Navy, the Curtiss-Wright Corporation, or the LMAL.
They are as follows:

Modiflcatlons _ Flgure No.
Swept~back outer wing panel in
Rectangular outer wing panel 5
Rectanguler wing 6
Upturnod wing tips 7
Skewed flap positions 8
Canopy opening 9 .
Dorsal fins 10
Rovised vertical tall 11

For all wings tested, the dihedral of the center
panel was 0° and of the outer psanel 10°, measured at .
the leading edge of the chord lins.

-+ The swept-back outer wing panel was formed by
pilvoting the orlginal outer wlng panel about a line so
that the total wlng area and incildence remalned about
constant. The wing sectlons of .the outer panels were
thus st an angle to the alr stream for this condition.

The rectangular outboard wing rpanel ls rectangular
from the bresk outward giving e larger total areas The
rectangular wing was formed by the rectengular outer.
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Figure 6B~ Letar/s of slotted rrap for '/8-Scale model of the XBTC-2 airplane. Rectanguior wing,



Figure 6(c).- The

1

8

scale model of the XBTC-2 airplane with rectangular wing.
configuration. Take-off.
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Figure 7(b).- The 1 scale model of the XBTC-2 airplane with upturned wing tips.

8 Landing configuration.
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Figure 11(b).- The é-scale model of the XBT'C-2 airplane with the revised vertical tail and

dorsal fin, Di. Landing configuration. -
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